by Heyman Kr0mer (Oslo) (Institute for Experimental Medical Research, University of Oslo) Theoretically, the use of bone grafts in surgery depends upon a thorough understanding of what is happening when they are implanted into the human skeleton, and how they participate in the healing of bone lesions. Present knowledge on these points is insufficient. In spite of intensive research, the question about the origin of the new bone formed following autogenous or homogenous bone grafting is only partially answered.
For more than fifty years bone autografts have been used for the reconstruction of lower jaw defects, via the extra-oral route; osteoplasty must be postponed if the graft or the host bed becomes contaminated. The demand for sterility of the graft as well as the host bed is still imperative in general surgery, since every infection involves the possibility of sequestration and elimination of the bone graft. There are many indications, however, that this requirement of absolute sterility is not a sine qua non where bone grafting to the jaws is concerned. Apart from surgical experience with accidental contamination of transplants during operation and relatively good experiences in later years with the primary healing in of vitallium implants, tooth re-implantation is successful as a rule, even though neither the tooth nor the alveolus is free of bacteria. The tooth 'takes' and connects organically with the surrounding bone, and thereafter, in the same manner as a bone graft, is replaced by newly-formed bone.
Although some work had been done on bone grafts and bone-graft substitutes in oral surgery, there were not sufficient data available to permit definite conclusions.
The purpose of my study, therefore, was: (l) To establish to what extent it is possible to graft bone successfully into the jaws intra-orally, in a region which cannot be maintained in a sterile condition, and (2) to estimate the value of bone homografts in oral surgical procedures.
For more than six years, from 1952 to 1958, 1 havein private practicecarried out 100 bone graftings in cyst cavities, periodontal pockets and ridge defects of the jaws, together with experiments on dogs, performed at the Institute for Experimental Medical Research, University of Oslo. All patients were examined clinically and radiographically after three, six and twelve months, and subsequently once a year.
OPERATIVE TREATMENT OF CYSTS OF THE JAWS IN HUMANS WITH BONE GRAFTS
The treatment of radicular cysts has hitherto conisisted of the elimination of infection from the root canal by proper root filling, complete enucleation of the cyst membrane, removal of the 'necrotic' part of the root inside the cyst cavity, and closing of the cavity by replacing the flap and suturing.
In the case of large cyst cavities, involving the danger of infection and dissolution of the blood clot, only the anterior wall of the cyst is removed, the mucoperiosteal flap placed into the cavity, and contact with the membrane maintained by means of a gauze pack. The filling in of bone has been found to proceed from the bottom of the cavity, and may take anything from six months to several years, depending on the size and location of the cavity. Clinically complete bone regeneration after cystostomy was studied by Kristen (1953) and by Hofer & Langer (1937) . They concluded that in only 45 % of the cases was complete bone regeneration achievedeven after an observation time of two years. Apart from the slow and incomplete bone regeneration, the affected teeth often had to be extracted.
If the destruction of the bone was so severe that it became necessary to resect from a half to threequarters of the root, so that the tooth became loose, extraction would have to follow. In Hofer & Langer's material, 75 out of 158 affected teeth had to be extracted.
The advantage of cystectomy over cystostomy is that the post-operative treatment ceases with the removal of the stitches after the primary healing. Bone regeneration progresses under the healed mucous membrane. The method is, as mentioned before, somewhat deficient when it comes to the treatment of large cysts. Repeated attempts have been made to prevent blood clot dissolution by filling the cavity with materials such as cod liver oil salve, synthetic bone paste, iodoform ointment and Gelfoam sponge. None of these methods have been entirely satisfactory and are not commonly used. The area of indication for cystectomy, however, has been considerably extended by the advent of antibiotics, and this fact has given rise to the possibility of filling cavities with bone substance.
My working hypothesis in dealing with radicular cysts has been that the entire portion of the root projecting into the cyst is not 'necrotic', but only part of the cementum on the surface. Therefore, it should be sufficient to remove the superficial layer of the cementum only, leaving the remainder intact, thereby ensuring that the tooth remains fixed. The bone graft should not only reduce the blood clot and provide an internal splint for the tooth but also provide the osteogenic stimulus which would induce bone formation and in addition be the lattice upon which the new bone is deposited.
The problems which at once arose were: which kind of bone should be used, should the graft be autogenous, homogenous or heterogenous? And should it be cortical or cancellous bone in one or several pieces?
The ideal graft would have been autogenous. Autogenous bone grafting results in a quicker union, and a greater number of successful results. This, however, would have necessitated a second operation, for instance on the iliac crestan operation which in my opinion is not justified by our aim, to save a tooth from ruin and to promote complete bone regeneration.
As disturbances in bone healing can be very severe with heteroplastic grafting, homogenous grafts in the form of spongy bone chips (recommended by Matti 1932 and Mowlem 1941) were chosen for this procedure. Several observations seem to substantiate that this choice of graft has been sensible, as the speed of vascular penetration of the graft can be the measure of possible success for this surgical procedure. In principle, the method of repair is identical whatever type of graft is used. However, Stringa (1957) in his studies of the vascularization of bone grafts, found substantial differences in the speed of vascular penetration between auto-, homo-and heterografts, the ratio being 6 : 3 : 1. Moreover, he found that revascularization of cortical bone was slower and less profuse than in the case of spongy bone, in keeping with the above ratio pertaining to the three types of bone. According to Maatz (1955) revascularization and substitution of cancellous chips proceed up to ten times faster than with similar cortical chips and, furthermore, the danger of infection is claimed to be considerably reduced.
The homogenous bone used in this study was obtained from (a) ribs removed in heart operations, (b) resected femoral heads, and (c) iliac crests.
The soft tissues were dissected, the bone divided into pieces of suitable size, and finally rinsed in physiological saline. Subsequently, the bone chips were placed in a sterile jar and preserved in an aqueous solution of Merthiolate (1: 1,000). Thejar was sealed and stored at refrigerator temperature, or at room temperature. The Merthiolate solution was in each case changed on the following day and, thereafter, every two weeks. Frequent changes diminish the chances of infection. By using Merthiolate, the sterility of the bone was maintained, and the portion of bone left over was returned to the Merthiolate solution. The exclusion of infectious and malignant disease has been required of bone used as bank bone.
Peroral antibiotic treatment with tetracycline or penicillin V was instituted either twenty-four hours prior to the operation, or on the day of operation, and continued for three to five days following the operation.
Method ofTreatment
The pulp canal is carefully cleaned and the root filled the day before operation. The root canal is overfilled with chloropercha and gutta-percha points.
Divided doses of tetracycline 1 g/day, or penicillin V 1 million units/day, are given commencing twenty-four hours pre-operatively and continuing for three to five days.
The graft is divided into chips and placed in 250 mg tetracycline in 100 ml of 0 9y% saline before operation.
Cystectomy is then carried out, keeping the mucosal incision a fair distance from the cyst cavity. After removal of the cyst lining and granulation tissue the denuded root surface is either curetted, modelled by burrs or an apicectomy performed. (In some cases a residual area after healing necessitated a subsequent apicectomy.)
The cavity is then completely filled with bone chips and closed. The effect of periosteal grafts to the root surface was to delay healing. This was therefore abandoned.
Similar treatment is employed for fissural, residual and follicular cysts. It is also used whether or not the cyst communicates with the oral cavity. The material and results are listed in Tables  1-4. A complete or nearly complete restitutio ad integrum only is regarded as a successful result. Cases with incomplete bone regeneration, but with a newly formed lamina dura and root resorption observable on X-ray, are listed as partly favourable.
A treated case is illustrated in Fig IA, B , C, D.
Conclusions
The material demonstrated that homogenous bone grafts stored in Merthiolate are well suited for the filling of bone cavities following enucleation of the cyst membrane. Communication between cyst and oral cavity by way of root surfaces or infrabony pockets is no contraindication for bone grafting. The results indicated that treatment with bone grafts may be the solution to the therapeutic problem encountered in patients suffering from this type of disorder.
Bone preserved in Merthiolate gave rise to little or no foreign body reactions and resulted in undisturbed wound healing. On the basis of the findings, small cancellous bone chips were preferable.
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The influence of age and sex on bone regeneration cannot be determined on the basis of the material here presented because the cases are too few. By enucleation of the cyst membrane and filling of the cavity with bone chips, followed by primary suture, the complications of residual cavity and incomplete bone regeneration can be eliminated, especially in the case of cysts arising from the lateral incisors of the maxilla.
The incidence of root resorption was considered to be due to infection and not to the presence of the bone grafts, since the resorptions were confined to small areas in the apical region, and were halted by apicectomy. As long as we do not know all the xtiological factors the therapy instituted must show some shortcomings. Surgical treatment is an important factor in eliminating the diseased tissues, but I do not think the method now in use is the most proper and sensible method. We not only remove the diseased tissues, but often take away healthy tissues as well, both gingiva and alveolar bone. I am of the opinion that our handling is not according to biological reasoning or principles. I think our aim should be not only to remove diseased tissues, but also to restore what has been lost. We could learn a lot in this respect from the plastic surgeons, who not only handle their flaps and tubed pedicles with the utmost love and affection but also never throw away a living cell before they are quite sure it is of no use. For example, our treatment of the infrabony pocket is very discouraging. So why should we not try to restore the lost alveolar bone? Many have tried to achieve this goal by means of curettage and gingivectomy, but in this antibiotic age and with increasing knowledge in storing bone it might be possible, by filling the infrabony pocket with a bone-substance, to assist nature in a successful attempt to achieve an optimal result.
The following technique is employed: (1) Preliminary scaling and occlusal equilibration and splinting if necessary. (2) Operation under antibiotic cover (Fig 2) .
Careful dissection of the mucoperiosteal flap is carried out, followed by debridement of the infrabony pocket with removal of granulation tissue, pocket epithelium, calculus and the outer layer of the cementum, and flushing of the field with saline solution.
The infrabony pocket is packed loosely with tiny spongy chips. By means of a pipette thrombin is added to get a 'solid' clot and eventually fix the interprox-imal papilla to the root surface, to seal the passage to the mouth cavity as much as possible. Plasma, in this case the patient's own blood, and thrombin make an excellent glue.
The mucoperiosteal flap is very carefully sutured, as healing by first intention is essential.
As an extra precaution a surgical cement dressing is put on, and the patient kept under antibiotic cover for three to five days. The sutures and dressing are removed after five to seven days. The patient is instructed to keep the area as clean as possible, using a soft toothbrush and a rubber dental stimulator. Chewing on the teeth involved is to be avoided for the first week. Fig 3 shows a treated case. Twenty-six patients were operated on for a total of 30 pockets with pocket depths from 6 to 14 mm. The observation period has been between three and a half and six and a half years with an average observation time of four and a quarter years. On the basis of clinical and X-ray examination the results were as follows: Favourable 21, partly favourable 4, failure 5.
Comment
These cases demonstrated clearly that homogenous Merthiolate-stored grafts in the oral cavity are both resistant to infection and well tolerated by the host. The rate and amount of bone regeneration are, apart from the constitution and age of the patient, dependent upon the type of the host bed. If the graft has a large surface contact with the host bone, as in a three-walled infrabony pocket, resorption and new formation of bone may proceed rapidly from all surfaces. The use of tiny cancellous chips is advantageous since: (1) Any type of bone lesion can be filled.
(2) The speed and amount of vascular penetration are enhanced and, hence, the chances of successful antibiotic treatment are improved. (3) A shrinkage of the blood clot with exposure of the graft may necessitate the removal of the superficial fragment only.
The blood clot is imperative both for the formation of granulation tissue and for protection of the bone graft. Furthermore, it seals off the communication to the oral cavity. For these reasons, it should not be interfered with in the healing stage. An appropriate incision with primary healing of the wound is decisive for a successful result. In four pockets there was exposure of one or two chips, due to overpacking and inexpedient incision; healing followed removal of the exposed chips.
The possibility of resorption of the graft above the bony bed in the soft tissue part of the pocket is far greater than in the infrabony part. On the X-ray it cannot be determined whether or not a true incorporation of the graft has taken place, i.e. whether or not the dead bone has been completely transformed into new bone. Only histological examination can provide this evidence.
ANIMAL EXPERIMENTS
On six dogs 21 bony defects were created, average size being 4 mm width, 5 mm from buccal to lingual surfaces and 7 mm in depth.' In order to produce epithelialized pockets a lead plate of 1-5 mm thickness was introduced and kept in place by means of stainless steel wire placed around the neck of the tooth in which a furrow had been made. In a few cases acrylic plates were also used. The plate was left for 7 -9 weeks, and then the following surgical procedures were performed.
The dogs were anesthetized with intravenous injections of thiopentone or veterinary pentobarbitone sodium. After incision and retraction of the mucoperiosteal flap, the inserted plates were removed; followed by debridement of the pocket, including extirpation of granulation tissue and epithelium, removal of the outer layer of the cementum, and grooving of the root either at the bottom of the pocket or slightly coronally to it. The lesions were carefully packed with homogenous bone chips, a blood clot was allowed to form and the flap was replaced and sutured. The cervical furrows were not filled with amalgam or other dental restorations, but simply left. Streptomycin (0 5 g) and procaine-penicillin (300,000 i.u.) were administered (intramuscularly) for three to five days. The procedure was similar in all cases, with minor modifications only in the flap design and in the removal of the marginal pocket epithelium. Modified rotation flaps were used in the reconstruction of the gingival soft tissue bed.
The dogs were fed on a soft diet throughout the experiment.
A sterile technique was attempted, but it was found impossible to maintain aseptic conditions throughout the operation. Tests for bacteria in the remaining bone and in the Merthiolate solution were undertaken, and the results were negative.
'Two denuded root surfaces were also utilized for reconstruction of soft tissue bed and alveolar bone.
In the control pockets a blood clot was allowed to form and fill the defect. No grafting was performed and the marginal epithelium was carefully removed.
With regard to the fate of the grafts, all the bone chips in this experimental series 'took,' in spite of the contamination by micro-organisms.
The observations here presented clearly demonstrated that sterility of graft and host bed is not imperative for successful bone grafting in the periodontium of dogs. This, together with the number of favourable results reported above with bone grafting intra-orally into the jaws of humans, strongly suggests that sterility of host bed is not necessary for intra-oral bone grafting on humans either. Fixation and replacement of the bone graft appeared, as was expected, to take place in a way similar to that occurring in other parts of the skeleton. Histologically, the sequence of events followed a regular pattern. After the organization of the blood clot, proliferation of osteoid tissue commenced, both in the periphery of the blood clot and along the surfaces of the bone graft. The process of apposition of bone, replacement of the adjacent grafts and calcification of osteoid tissue proceeded during the weeks following the grafting. At present, bone formation in grafting is incompletely understood. In these. histological preparations, osteoclastic activity was infrequently observed, except in the early phase, during the transformation of the graft. The duration of the process of replacement of the graft was variable. The type of host bed as well as the size of the graft appeared to be of importance.
The larger the contact surface between the graft and the host bone, the more rapid is the fixation and replacement of the graft. A three-walled infrabony pocket, therefore, provides the most suitable bed, offering a large contact area and, at the same time, protection of graft and blood clot.
In some cases single graft fragments persisted in the tissue without exhibiting any signs of transformation. Most of these fragments had become displaced post-operatively (due to trauma), and were observed to be lying in a connective tissue infiltrated by inflammatory cells. The presence of an inflammatory process has been shown to reduce the chances of transformation of bone grafts.
Thus, the state of activity of the connective tissue, including the presence, type and degree of inflammation, is among the determining factors for the outcome of the grafting procedure.
The observations here reported also suggested that care should be taken not to overpack a lesion, but to leave sufficient space for a proper covering of the graft.
In general, this part of the study shows that by bone grafting, regeneration of alveolar bone in periodontal lesions is promoted. Furthermore, the formation of a new periodontal membrane, including reattachment, was observed throughout. The amount of regeneration of the alveolar bone as well as the extension of the new attachment appeared to be dependent on the degree of inflammation present. Since antibiotics were given in connexion with the grafting procedure, the occurrence of inflammation was unlikely to be due to infection during the performance of the surgical operation. A foreign-body reaction in the host tissues to grafts of the kind used does not commonly occur. The inflammatory reaction present, therefore, is considered to be due to local irritants such as bacteria and food debris accumulating in the prepared burr furrow, and to have developed after the antibiotic therapy had been discontinued. The presence of an inflammatory process probably retarded the differentiation of the granulation tissue in the coronal part of the prepared lesion, thereby permitting an apical migration of the crevicular epithelium on the root surface.
The attachment of periodontal fibres can only take place up to the most apical level of the epithelial point of contact with the tooth surface. This, in turn, determines the maximum height to be reached by the regenerating alveolar bone. Therefore, it would seem logical to ensure the complete removal of the pocket epithelium when treating advanced periodontal lesions.
Except in three cases this was not done intentionally in these experiments. Still, the results were successful. The consistency of the findings suggests that under favourable conditions, that is, when there is only a slight degree of gingival inflammation, as was the case in most of the experiments, it may not be necessary to remove the pocket epithelium completely to achieve good results. However, in my opinion, an effort to do so should be made, since it would be expected to increase the possibility of establishing a new attachment coronally to the level of the old one.
In all cases of reattachment, new cementum had formed. It was mainly of the cellular type, and was deposited along the entire root surface both on dentine and on old cementum, particularly in the grooves at the bottom of the pockets.
The new periodontal fibres were, by and large, running from the cementum on the root surface to the regenerated alveolar bone. Sometimes, however, fibres were observed that were embedded at one end in the osteoid on and around fragments consisting of cementum and dentine and in the cementum of the root surface at the other end.
The extent of the reattachment achieved measured from I -5 to 8 mm.
Finally, reconstruction of the gingival soft tissue bed in combination with bone grafting was carried out in two cases. This was done to examine the therapeutic possibilities of the grafting method in patients where much tissue is lost because of previous periodontal disease or surgical intervention. The results were surprising, because alveolar bone regeneration as well as reattachment occurred.
This observation indicates that reconstruction of the soft tissues combined with bone grafting should be undertaken in cases of periodontal disease which include loss of much tissue.
Conclusions
The results obtained by the technique used in the present series of dog experiments show that bone grafting can be of value for the treatment of advanced periodontal lesions. Following grafting in the manner outlined, regeneration of the alveolar bone as well as the establishment of a reattachment of the gingival connective tissue to the root surface can be achieved (Fig 4) . The study also shows that in dogs it is possible to achieve reattachment to some extent, without bone grafting, using a certain technique. In humans, however, we know that blindcurettage only in a few selected cases has been successful, so why not make the curettage directly by sight, reflecting the gingiva?
The answer to the main question posed in this studyto what extent is it possible to graft bone successfully into the jaws intra-orallymust be that homogenous Merthiolate-stored grafts in the oral cavity are both resistant to infection and well tolerated by the host. In the total material of100 cases, only 6 became infected and a fistula formed after two to eight weeks. The results in the material presented here are equivalent to those of Wilson (1951) who obtained 85% success with autotransplantations in a sterile area. The cause may lie in the marked tolerance of the jaw area, but it is also conceivable that preservation in Merthiolate contributes to favourable conditions, inasmuch as its bactericidal and fungicidal properties render the implant resistant to infection.
With regard to the value of bone homografts in oral surgical procedures, the present study does not give a definite answer, but the investigations have at least shown that homogenous bone grafts stored in Merthiolate are well suited for the filling of bone cavities following enucleation of the cyst membrane. Communication between cyst and oral cavity by way of root surfaces or infrabony pockets is no contraindication for bone grafting.
The results indicated that treatment with bone grafts may be the solution to the therapeutic problem encountered in patients suffering from this type of disorder. The amount of bone regeneration in a number of successful cases also indicates a beneficial effect of bone grafting in the treatment of periodontal pockets.
The possibilities of application are probably not limited merely to these two fields. Besides these, I have in mind, for example, atrophic jaw ridges and cleft palates, which are relatively common and for which surgical treatment can hardly yet be said to have reached a stage of perfection. Thus it seems clear that further research should be undertaken in this field.
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